The 5-year overall survival in patients with BCG instillation vs. patients who did not receive BCG therapy was 74 vs. 28% (p = 0.0016). In the univariate analysis, the adjuvant intravesical BCG treatment was associated with decreased cancer-specific mortality (p = 0.0062). In the multivariable analysis, the age and the BCG instillation were independent factors of overall survival (hazard ratio 0.26, 95% CI 0.15-0.46, p < 0.0001) and cancer-specific mortality (hazard ratio 0.29, 95% CI 0.12-0.71, p = 0.0067). Conclusion: Dispensing from adjuvant intravesical BCG treatment is associated with increased overall-and disease-specific mortality in patients with T1 high-grade transitional cell carcinoma of bladder. This observation confirms that adjuvant BCG instillation is a crucial part of treatment in this patient population.
The standard therapy in high-grade T1 UBC is a transurethral resection (TUR) followed by a single chemotherapy instillation, re-TUR and adjuvant intravesical therapy in intermediate-and high-risk patients to early cystectomy for treatment-refractory high-risk NMIBC. The potential benefit of immediate radical cystectomy (RC) must be weighed against the risk, morbidity, and impact on quality of life. It is reasonable to propose immediate RC in those patients with high-grade T1 BC who are at the highest risk of progression [2] . Several meta-analyses have shown that adjuvant intravesical treatment (chemotherapy or bacillus Calmette-Guérin (BCG) immunotherapy) reduces recurrence. BCG is more effective but also more toxic than chemotherapy [2] . BCG but not intravesical chemotherapy additionally reduces the risk of progression in high-risk NMIBC patients [1] . In the years 2012-2015, there was a worldwide shortage of this drug leading to temporary unavailability [3, 4] .
The aim of our study was to compare the outcome of patients with high-grade T1 UBC who eventually received adjuvant BCG treatment with that of those who did not receive such treatment for various reasons.
Materials and Methods
Between January 1, 2005 and December 31, 2012, a total of 207 consecutive patients underwent TUR for high-grade T1 UBC at our institution. Of those patients, 77 underwent early cystectomy without BCG instillation and were excluded from the analysis. The patients were stratified according to adjuvant BCG treatment (yes vs. no). The patient data have been collected retrospectively from hospital medical records and from files of ambulant urologists. The mean follow-up of all patients was 42.2 (1-119) months. Data collected included patient demographics (age at diagnosis and gender), clinical and histological tumor characteristics at initial TUR with diagnosis of high-grade T1 BC, and re-resection, histological grade and stage of subsequent recurrences as well as data of adjuvant intravesical BCG instillation therapy. All patients underwent upper tract imaging consisting of a renal ultrasound and excretory urography or CT at initial diagnosis. None of the patients had evidence of upper tract malignancy at the time of initial diagnosis. In adjunct to standard white light cystoscopy, the bladder of 26% patients was instilled with 50 ml Hexvix ® (hexaminolevulinate) 60 min prior to their initial TUR to improve the tumor visibility. Routine follow-up examinations included cystoscopy and urine cytology every 3 months during the first 2 years and every 6 months thereafter until 5 years, and then yearly. Further followup examinations of upper urinary tract including excretory urography or CT were performed yearly or more frequently in selected cases.
Overall survival was analyzed by the Kaplan-Meier method; comparisons were made using the log rank test. Cumulative incidences of BC-specific (death in the presence of uncontrolled tumor recurrence) and competing (death without evidence of uncontrolled tumor recurrence) mortality were determined by competing risk analysis. Comparisons were made with the Pepe-Mori test. The analyses were done with the Statistical Analysis Systems (SAS) version 9.4 statistical package.
Results
Demographic details and patient characteristics are shown in table 1 . The median age of the patients was 73.9 (41-95). Residual tumor was identified at second TUR in 24 (23%) patients of 106 (82%) patients with a second TUR. Among these residual tumors, 3 (13%; in one 84-year-old woman and one 92-year-old man with severe systemic diseases and one 74-year-old man with simultaneous lung cancer) were found to be up-graded when compared to original histology.
Adjuvant intravesical BCG instillations (at least one cycle) were performed in 63 (48%) patients. Maintenance There was a significant relationship between intravesical BCG-instillation therapy and overall survival ( fig. 1 ). The 5-year overall survival rate in patients with BCG instillations was 74%. In patients who did not receive BCG instillations, the 5-year overall survival rate was 28% (Mantel Haenszel hazard ratio 0.26, 95% CI 0.11-0.60, p = 0.0016).
There was a significant difference in the cancer-specific mortality between patients with adjuvant intravesical BCG instillation and patients without BCG instillation, p = 0.0062 ( fig. 2 a) . The competing mortality rate was also significantly higher in patients who did not receive adjuvant intravesical BCG instillation ( fig. 2 b) .
The parameters, age and BCG instillation, that independently influence the overall survival and the BC-specific mortality in patients with high-grade T1 BC derived from the multivariable analysis are shown in table 2 . Analysis of competing mortality shows that only age, as continuous variable, was an optimal risk parameter of competing mortality.
Discussion
This analysis demonstrates that not receiving adjuvant BCG treatment in patients who were not selected for immediate cystectomy in stage T1 high-grade urothelial cancer of bladder is associated with an increased overall and BC-specific mortality.
Our study confirmed the results from 4 meta-analyses that show that BCG therapy after TUR is superior to TUR alone or TUR and chemotherapy for preventing the recurrence of NMIBC [5] [6] [7] [8] . The benefit of maintenance therapy following initial BCG induction also confirmed other recent detailed meta-analysis [9] . In an EORTC meta-analysis of 24 trials (4,863 patients) BCG maintenance therapy was associated with a 27% reduction in the risk of tumor progression compared to the control groups (TUR alone, TUR plus intravesical chemotherapy, TUR plus another immunotherapy). However, there was no statistically significant difference in treatment effect for either overall survival or death due to BC [10] . In contrast to this result, our study showed a significant relationship between overall survival and cancer-specific mortality and intravesical BCG treatment. The patients who were treated with intravesical BCG instillation lived significantly longer (p = 0.0016) and also had a significantly lower cancer-specific mortality rate (p = 0.0062) than patients who did not receive adjuvant BCG therapy after TUR. For the first time, the EORTC Genito-Urinary Group randomized phase 3 study 30911 reported that BCG-therapy reduces not only tumor recurrence but also significant metastasis as well as cancer-specific and overall mortality. This multicenter randomized comparison of BCG with or without isoniazid vs. epirubicin enrolled 957 patients with intermediate-or high-risk NMIBC [11] . As a consequence of this, the current European Association of Urology guidelines on NMIBC in patients with high-risk tumors also recommend fulldose intravesical BCG therapy for 1-3 years [2] . On the contrary, these recommendations found a retrospective online chart review, published recently by Witjes et al. [12] , marked underuse of guideline-recommended adjuvant intravesical therapy in patients with high-risk NMIBC. Only 50% of high-risk patients received BCG maintenance therapy as recommended by the European Association of Urology and American Urological Association. Furthermore, intravesical chemotherapy was used in 12.5% of these patients, although it is not recommended for high-risk NMIBC. Nine percent of high-risk patients received only TUR, with no further intravesical therapy. In all, 37% of patients receiving BCG maintenance completed the maintenance regimen and 15% discontinued therapy. The most cited reasons for discontinuation were recurrence or progression (5.7%) and adverse events (5.7%). A majority of patients who discontinued due to adverse events had cystitis [12] . Our series also showed similar results. Adjuvant intravesical BCG instillations (at least one cycle) were performed in 48% patients with pT1 high-grade BC. Maintenance BCG instillations were performed in 73%. Only 3% of patients failed to continue BCG instillations due to side effects. During follow-up, 6% patients progressed to muscle-invasive BC and one of them developed distant metastasis. In the study by Serretta et al. [13] , 93% patients completed the induction cycle and only 52% completed the 1-year maintenance. Grade-3 toxicity caused BCG interruption in 15%.
There are several risk factors predicting the recurrence and progression in patients with stage pT1 high-grade BC such as tumor size, number of tumors, carcinoma in situ, prior recurrence rate [14] , but there are only a few published analyses to predict the long-term mortality in these patients. Adjuvant BCG therapy, history of previous carcinoma not invading bladder muscle and non-trigonal tumor location were significantly associated with prolonged recurrence-free survival in a study by Segal et al. [15] . Tumors that were located in the bladder neck/trigone showed worse cancer-specific survival in a study by Huang et al. [16] . In our multivariable analysis, it was shown that the BCG-instillation therapy was an independent factor that influenced overall survival and cancerspecific mortality. The apparent association between increasing age and decreasing bladder tumor-specific mortality in the multivariate model should be interpreted with caution ( table 2 b ). There was no detectable relationship in the univariate analysis between age and bladder tumor-specific mortality but a very strong association was observed between age and competing mortality. It is conceivable that the meaningful competing mortality pretended a protective effect of age on BC-specific mortality. BCG intravesical instillation represents the most effective treatment for NMIBC. BCG is significantly superior to other types of intravesical chemotherapy in increasing the complete response rate after TUR [1, 10, 11] . In the last 3 years, there was a worldwide shortage of the BCG drug [3, 4] . Some recommendations were made regarding the possibility of compensation of the BCG shortage (such as only one-third dose of BCG; induction course of mitomycin C followed by maintenance of full-dose BCG; BCG maintenance stopped after 1 year; induction course of gemcitabine). The next recommendation was that high-risk patients who are already on BCG therapy and who relapse with further high-risk NMIBC should be offered RC [3] . The fact that suboptimal courses of BCG instillations may result in higher recurrence rates should not be overlooked, and for the very highest risk cases, higher progression rates with subsequent increase in T1 high-grade tumor mortality rate were observed [3] . Hofbauer et al. [17] showed that some rarely used BCG strains such as BCG-Moreau strain can replace commonly used strains and thus may contribute to solve that shortage. This potential alternative from Biomed Lublin (Lublin, Poland), BCGMoreau, has recently been introduced in the European market.
Several limitations of this study have to be addressed. Many of the variables that could be considered confounders have not been analysed in this study (i.e. surgeon, quality of TUR, comorbidity). The retrospective collection of the data may possibly have led to the loss of some data. Furthermore, several physicians were involved in the therapy decision (e.g. BCG-treatment vs. immediately cystectomy) and several urologists participated in the surgical-and adjuvant therapy over time.
Conclusions
In this study, patients with T1 high-grade UBC who did not receive adjuvant BCG instillation and were not selected for immediate cystectomy in stage T1 high-grade urothelial cancer of bladder were at an increased risk of overall and BC-specific mortality. This observation confirms that adjuvant BCG instillation is a crucial part of treatment in this patient population.
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